Balanced harvesting has been proposed as a way for fisheries management to achieve the requirements of both the Law of the Sea Convention (LOSC)to maintain stocks at the level at which they could produce MSY-and the Convention on Biological Diversity (CBD)-to maintain ecosystem structure and functioning. This paper examines these requirements and briefly presents four system-level relationships (spectra), representing ecosystem structures that might guide management decision-making aiming to meet both requirements. These spectra would fit in the widely accepted frameworks of the Ecosystem Approach enshrined in the CBD and adopted by FAO for Fisheries. A size spectrum, relating biomass to body length, is used as an example to illustrate its potential to support management decision-making-much like present stock-based harvest control rules-in more ecosystem-compliant fishing strategies at a sector or ecosystem level, as a complement to those currently used at a stock/population level.
Introduction
Effectively combining fisheries management and biodiversity conservation for both human and ecosystem wellbeing is the central challenge of modern fishery governance. At the global level, the aims of fisheries management and of biodiversity conservation are, respectively, framed by the 1982 Law of the Sea Convention (LOSC) and the 1992 Convention on Biological Diversity (CBD) and related implementation instruments (such as the 1995 United Nations Fish Stocks Agreement, the 1995 Code of Conduct for Responsible Fisheries, and the 1995 Jakarta Mandate on Marine and Coastal Biological Diversity), each with its own sets of requirements. The CBD was negotiated to apply to all biodiversity, both terrestrial and marine, and implementation in the ocean is de jure subject to the provisions of the LOSC. However, the LOSC may not accommodate all marine biodiversity concerns that have emerged after its adoption and good coordination between the two Conventions is necessary to ensure complementarity of actions and outcomes .
The concept of balanced harvest (BH) was developed with the aim of meeting both the LOSC and the CBD requirements. It proposes to distribute a moderate fishing pressure across the widest possible range of species, stocks, and sizes of an ecosystem, in proportion to their natural productivity so that the relative size and species composition is maintained (Garcia et al., 2012 ; emphasis added). The following sections will: † Examine the LOSC and CBD requirements, legal standing, and implementation, focusing on the norms set by each instrument. † Examine how well possible metrics related to BH, could meet the LOSC and CBD requirements, in concept and practice. † Discuss whether BH offers opportunities to bridge these requirements and, where there are gaps, to address them.
Many other questions concerning BH, in relation to policy, economics, and management, are discussed elsewhere in this issue (e.g. in Charles et al., 2015; Garcia et al., 2015a) .
The legal requirements
The 1982 LOSC
The LOSC ( § 71.3 and 119a) requires that target stocks be kept at the "level which can produce the Maximum Sustainable Yield (MSY) as qualified by relevant ecological and socioeconomic factors". The concept of MSY has been repeatedly criticized in relation to its estimation, appropriateness as a management goal and implementation problems (Larkin, 1977; Mace, 2001; Murawski, 2000; Punt and Smith, 2001) . Nonetheless, MSY and its proxies and variants are still enshrined as quantitative management benchmarks in national, regional, and global legal fishery frameworks. Although as part of the Convention, the norm is fully binding, its qualification by unspecified "relevant ecological and socioeconomic factors" allows for flexible interpretation and implementation, such that the mandatory norm is still loosely applied in most countries (FAO, 2014) . The LOSC provides also that States should take measures "with a view to maintaining or restoring populations of such associated or dependent species above levels at which their reproduction may become seriously threatened". While not referring to MSY, this requirement still implies de facto that non-target species should not be overfished either.
The 1992 CBD
The adoption of the CBD triggered efforts to better account for broader biodiversity conservation needs in the ocean. The CBD Ecosystem Approach (EA) and its 1998 Malawi Principles (UNEP/ CBD, 1998) formally adopted in 2000 (at the 5th CBD Conference of the Parties (CoP), Decision V/6) are intended to guide sectoral policies and practices for improved conservation of biodiversity, including in fisheries. Principle 5 indicates, inter alia, that "A key feature of the ecosystem approach includes conservation of ecosystem structure and functioning". This requirement has been re-expressed in the Addis Ababa Principles for Sustainable Use adopted by CBD in 2004 (at the 7th CoP, DecisionVII/12) as follows: "Sustainable use management goals and practices should avoid or minimize adverse impacts on ecosystem services, structure and functions as well as other components of ecosystems". The expression "avoid or minimize" impacts on the ecosystem structure and function allows local interpretations and flexible implementation. While very largely agreed upon (including in the FAO Ecosystem approach to fisheries (EAF) and CBD Aichi Biodiversity target 6), this requirement has received little systematic operational attention in fisheries management.
Relative strength of the LOSC and CBD requirements
The LOSC and the CBD establish in international law the consensual principles and goals of the global community regarding the oceans and use of their biodiversity, and competent regulatory authorities have translated them into management instruments. Implementation of these instruments is meeting with many difficulties connected to regulatory and enforcement capacity at global, regional, and national scales. The CBD and LOSC conventions are equally binding on their Parties. However, CBD-related decisions are mandatory only in its Parties' exclusive economic zones and only advisory in sea areas beyond national jurisdiction. In addition, the CBD's specific application to marine and coastal biodiversity was only clarified with the CBD's Jakarta Mandate on Conservation and Sustainable Use of Marine and Coastal Biological Diversity, in 1995 . Both the Jakarta Mandate and the Malawi Principles, including Principle 5 to maintain ecosystem structure and functioning, are subsidiary implementing documents to the Convention and not part of the Convention itself. Consequently, these Principles may not be considered as legally binding on the Parties to the CBD as the MSY requirement is on the Parties to the LOSC, considering that MSY is directly enshrine in the Convention. From that angle, the legal status of the Malawi (or Addis Ababa) Principles may be closer to that of the General Principles of the FAO Code of Conduct unless they are embedded in national legislation, adopted by RFMOs, or embedded in the Implementation Agreement to the LOSC being considered for biodiversity by the United Nations General Assembly (UNGA, 2015) .
Considerations on joint implementation
A joint implementation of the two norms, of LOSC and CBD, would be useful, for example, in terms of the implementation of CBD Target 6 which states that: "By 2020 all fish and invertebrate stocks and aquatic plants are managed and harvested sustainably, legally and applying ecosystem based approaches, so that overfishing is avoided, recovery plans and measures are in place for all depleted species, fisheries have no significant adverse impacts on threatened species and vulnerable ecosystems and the impacts of fisheries on stocks, species and ecosystems are within safe ecological limits". The CBD Aichi targets are aspirational and are to be adapted as needed for national implementation but, along with the CBD Strategic Plan, they are the most prominent commitments the Parties to the CBD make each decade.
From a purely legal point of view, the LOSC is the overarching legal framework for all activities impacting the oceans. Thus, CBD requirements, when applied in marine environments, must fit into it. Specifically, the CBD's aim of promoting sustainable use [the CBD defines "sustainable use" as use of components of biological diversity in a way and at a rate that does not lead to the long-term decline of biological diversity, thereby maintaining its potential to meet the needs and aspirations of present and future generations (CBD, Art. 2)) of biodiversity as well as its conservation must be carried out consistently with the rights and obligations of States under the Law of the Sea (CBD, Art. 22.2) . . . except where the exercise of those rights and obligations would cause a serious damage or threat to biological diversity (CBD, Art. 22.1). This is in line with the sovereign rights of States under the LOSC to exploit their natural resources (LOSC, Art. 192) in accordance with their duty to preserve and protect the marine environment (LOSC, Art. 193). However, neither the LOSC nor the CBD define what would, respectively, constitute "serious damage or threat" to the environment or biodiversity (the general literature on conservation would suggest that these terms would apply to damage that is either irreversible or not reversible within an unacceptable time frame). This should provide a strong incentive to the fishery and biodiversity conservation streams to jointly implement the qualified requirements of both instruments in a coordinated manner to ensure coherence in the expected outcomes. Considering that the LOSC did not deal explicitly with "biodiversity" or "ecosystems" and does not dwell much on environment conservation, whereas the CBD is intended to apply to all global biodiversity and not specifically to marine ecosystems, the fit of the "nesting" of CBD decisions within the LOSC legal framework may require some tuning. Indeed, as seen above, both instruments provide for flexibility in implementation.
In practice, one of the challenges faced by States is to find a coherent suite of policies and management measures that jointly, 1660 S. M. Garcia et al. effectively , and efficiently comply with the LOSC and CBD requirements. A number of questions come to mind regarding the extent to which: (i) the two sets of requirements are compatible and jointly implementable? (ii) effectively implementing the LOSC stock-based MSY principle could lead to the ecosystem-level outcome expected from implementing the CBD Principle . . . and vice versa. If the response was positive, and without pretending to forge new international law, the two sets of requirements might be understood, within a fisheries context, to jointly mean that:
Target stocks must be maintained at a level which can produce the Maximum Sustainable Yield (MSY) as qualified by relevant ecological and socioeconomic factors . . . while avoiding or minimizing changes to ecosystem structure and function.
We explore the implications of this later in the paper. At this point, we emphasize that to address both the LOSC and CBD requirements, modern fishery management must deal with the challenge of blending two norms of different legal standing-one at a stockscale and the other at an ecosystem-scale. In practice, the legal differences might have few consequences on implementation because non-binding instruments that emerge from meetings of States Parties to binding Conventions do have high moral power. They are useful to indicate the level of agreement reached in the international community at a given point in time and may be used by States and intergovernmental organizations as a basis for policy and regulatory measures and by NGOs when deciding on their programmes goals. Therefore, it may be time to start thinking about a joint implementation framework for the LOSC and CBD requirements.
A possible framework for BH
The BH concept
The conventional fishery management paradigm, based on production and yield-per-recruit models and their derivatives, is grounded in: (i) the need to limit fishing mortality and thus capacity and/or effort to a level at or preferably below the level corresponding to MSY; and (ii) the need to avoid catching fish before most of their growth potential has been achieved and a sufficient proportion have reached the average age at maturation. The first thrust is universally agreed as essential and adjusting fishing effort to stock productivity is the recognized priority of ecologically responsible fishery management with MSY taken as a guide and not as a mandatory outcome (Sissenwine and Mace, 2003) .
The second thrust above (sometimes referred to as "selective fishing") has been analysed in many scientific works looking at its impacts on marine aquatic populations and communities (e.g. Law, 2000; Bundy et al., 2005; Hall et al., 2006; Heino and Dieckmann, 2008; Zhou et al., 2010; Rochet et al., 2011) . These works stressed the negative impacts that concentrated fishing pressure on adults might have on populations and ecosystem functioning. They led to proposals for "a more balanced exploitation approach" (Zhou et al., 2010) , particularly for small-scale fisheries (Kolding and van Zwieten, 2011) with a broader distribution of fishing pressure across species and sizes. The related management strategy, called expression "Balanced Harvest" (Garcia et al., 2011 (Garcia et al., , 2012 , was defined as an approach to fishing that distributes a moderate fishing mortality across the widest possible range of species, stocks, and sizes in an ecosystem, in proportion to their natural productivity, so that the relative size and species composition is maintained (underlining added). [ICES-WGECO (2014) has re-expressed this definition, stating that balanced harvesting requires adjusting exploitation patterns to balance the pressures of all fisheries in an area with the relative productivities of the species and sizes of fish in the ecosystem, omitting however, the important objective of BH: complying with the CBD requirement.]
This definition, and the management strategy it contains, is compatible with the LOSC requirement since the "moderate level of fishing mortality" is expected to be set so as to avoid overfishing and limit fishing pressure at or below F MSY . It is also compatible with the CBD requirement since it explicitly intends to maintain ecosystem structure with the aim of minimizing impact and maintaining ecosystem function. Scientific progress on the concept, as well as considerations of its economic, policy, and practical management implications were considered at a second meeting (Garcia et al., 2015a) and the latter are elaborated in this issue in Garcia et al. (2015b) and Charles et al. (2015) . The concept is still very much a "work in progress" and in challenging common scientific paradigms, it generates controversy (e.g. Burgess et al., 2015; Froese et al., 2015; Garcia et al., 2015b) .
It could be argued that if all resources in a foodweb could be exploited around their individual MSY level, thereby applying to each stock a fishing mortality (F) close to its natural mortality (M ), the resulting aggregate fishing pattern would be an example of BH. All species would be exploited proportionally to their intrinsic productivity, their respective biomass would be maintained at about the same level relative to their unexploited level, and the ecosystem structure would be maintained.
This is an outcome that has been considered impossible to reach [for example, in the seminal "Epitaph to MSY" published by Larkin (1977) ] because, in the context of imperfect selectivity, optimizing fishing to reach MSY for highly resilient species would always excessively deplete the less resilient ones taken with them. Optimizing fishing to not exceed MSY of the less resilient species can lead to significant foregone catch of the more resilient species. This dilemma has long been problematic for mix-run salmon fisheries (Kope, 1992; Dann et al., 2013) . It is emerging as an increasing challenge in other mixed-stock or mixed species fisheries (Kraak et al., 2008) . In addition, foodweb interactions further complicate the pursuit of single-stock MSYs for all species interacting as predators and preys. All the components of one stock's "productivity" (e.g. growth, recruitment, and mortality) are conditional on the biomass of predators and preys, making the MSYs of all interconnected species interdependent. Trade-offs are therefore required depending on both societal goals for the fisheries and how the foodwebs are structured (and modelled in the algorithms estimating MSY), in particular as the aggregated multispecies MSY is unlikely to be the simple sum of the individual species/stocks MSYs.
In BH, however, the task of making the necessary trade-offs in biomass vs. yield for interacting predators and prey becomes explicit if not easier. Considering the likely uncertainties in assessment, management, and climate, the definition of the levels of fishing mortality or removals across a suite of interacting species will be moving targets to be regularly adjusted-in line with present practices. ecosystem-based harvest control rule (EHCR) constructed at the ecosystem level and applied at a larger management time-scale than present HCRs (e.g. every 5 -10 years). EHCRs would not replace the HCRs currently used but would provide a higher-level framework in which the latter would have to fit or adapt.
As indicated by modelling analyses (Zhou et al., 2010; Garcia et al., 2011; Law et al., 2013; Jacobsen et al., 2014) and limited empirical evidence van Zwieten, 2011, 2014; , this goal might be achieved by fishing a wide range of sizes and species (within societally defined boundaries) proportionally to their productivity. The goal of this strategy is to maximize yield, increase resilience to fishing and reduce extinction risk (see various contributions in Garcia et al., 2011 Garcia et al., , 2012 Jacobsen et al., 2014) . The argument is far from closed (Froese et al., 2015) , but as the dialogue continues, this paper proposes a possible framework which, as part of the EAF, and based on well-established studies of ecosystem structure and functions (see Table 1 and Figure 1) , may meet both the LOSC and CBD norms, subject to sufficient capacity in data collection and analyses and ecosystem-level governance.
A number of simple ecosystem structures (spectra) have been proposed in publications examining the impact of fishing on species assemblages (and more recently, the BH concept). These lead to a quasi-log-linear relation, with a negative slope, between abundance, biomass or productivity, and individual size or body mass (e.g. in Sheldon et al., 1972; Andersen and Beyer, 2006; Andersen and Pedersen, 2010; Law et al., 2013; Jacobsen et al., 2014; ; Table 1 ; Figure 1a and b).
Other apparently linear relations have been proposed relating log(Catch) to log(Productivity) (Kolding et al., 2015; Howell et al., 2015) and log(Productivity) to trophic level (Kolding et al., 2015 ; Figure 1c and d) .
The exact shape of these representations will vary with the selected dimensions used (e.g. length, weight, productivity), but a number of considerations will be common to all. First, the relations are quasi-linear within the size range used by fisheries-or can be linearized on a logarithmic scale-and can therefore be summarized by two parameters: slope and intercept. (To characterize the position of the line in relation to the x-axis. The ordinate of the midpoint of the line might be a more easily interpretable and robustly estimated parameter than the intercept (N. S. Jacobsen, pers. comm.; Daan et al., 2005) , particularly if the intercept changes with the boundaries.) Changes in the slope reflect changes in ecosystem structure (which in turn integrate the tropho-dynamic functions in the ecosystem), in the intercept, and in the dependent variable, be it overall abundance, biomass, catch, or productivity.
Questions arising from these analyses concern, e.g.: (i) distortions of the linearity in the relationships due to trophic cascades triggered by selective fishing or environmental oscillations; (ii) stability of the slope of the relationships as fishing pressure changes; (iii) whether it would be feasible to appropriately distribute fishing pressure against species and size simultaneously; (iv) whether it could be assumed that productivity is more related to size than to species (so that two individuals of the same size have a similar productivity regardless of their species); and (v) if the assumption in (iv) is not true, whether moves towards meeting LOSC and CBD norms would require distributing species-specific fishing mortality levels (F's) across all sizes, or whether, on the other hand, outcomes balanced at the community scale can still be produced by F-at-size harvesting strategies, without complete loss of any species.
These and many other issues are still being studied (cf. ICES-WEGCO, 2014), but a wide range of variants of these relationships could be used to operationalize the CBD norm (i.e. maintain ecosystem structure) as a management instrument that can be elaborated for fished ecosystems to check how well the CBD requirement may be met, and to judge the performance of management plans based on BH. The parameters (slope and intercept or midpoint ordinate) of the spectra could become the properties intended to satisfy the CBD requirement. Coupled with the research and management infrastructure needed to describe the situation (e.g. every 5 years) and adapt the fishery sector's overall selectivity, they would play a role similar to HCRs in conventional fishery management systems, but within a longer time frame (i.e. not for the establishment of yearly quotas).
The establishment of such a framework would also require agreement on the following: (i) The BH management unit. The norm applies to an ecosystem, a trophic web. As all ecosystems in the world ocean are connected to some extent, it must be emphasized to define the ecosystembased management unit within which the norm, the assessments and the management measures are intended to apply. The aim will be to enclose in the unit all the key interactions (e.g. predator-prey relations) within a space corresponding to a functional (national or regional) jurisdiction. Stock-by-stock conventional management will be nested within that unit.
(ii) The boundaries of the norm. These refer to the smallest and largest sizes and species to be covered by the norm. These boundaries will often reflect a societal choice informed by scientific reasoning but the consequences on the robustness of the norm need to be scientifically tested (see below) since the decisions are likely to affect the norm itself (the slope and intercept). The boundaries could be determined by what has been historically fished, or could be changed to reflect new policies (the issue is discussed in more detail in the next section).
(iii) The baseline or reference state for slope and intercept. It would be useful (but not absolutely necessary) to have an estimate of what value of the slope and intercept in an ecosystem structure could be considered as "healthy". This might be based on the virgin state, when available, e.g. from newly exploited ecosystems, or on a past situation that is considered to have been ecologically and socially acceptable. Often, however, empirical data will not be available and the baseline will be determined through modelling. In developing countries, this would be a demanding exercise requiring assistance for the first estimate and its occasional updating. Because of natural oscillations, measurement errors, and systemic processes, variability is to be expected and the targets states might be stated as a range (Figure 2) .
(iv) The target state. The target ecosystem abundance reflects the management goal (likely including total catch but not restricted to yield outcomes) and corresponds to a state where use is considered sustainable, yield is acceptably high and both CBD and LOSC requirements are met. It might correspond to a fraction of the reference state (such as 2/3 of a reference ecosystem abundance), and should maintain "balance" among the parameters used to characterize the reference state. There might be transitional target states (and goals) towards the ultimate one.
(v) The limits. For precautionary reasons, there must be limits to the value of the parameters (slope and intercept) that should be agreed upon well before they are reached (in red in Figure 2 ). Based on assessment of, for example, the risk of recruitment collapse of some key species (with comparatively low productivity for their size), such a limit could be preestablished, calling for pre-agreed exceptional measures such as moratoria and strict rebuilding strategies to be applied whether the cause of the change is natural or fishery-driven.
The present state could then be compared with that frame, leading to conclusions as to how the fishery sector is performing and advice on what sort of measures might be needed to correct significant departures from the target. Usually, nowadays, it should be expected that the action required will be to reduce fishing pressure on overfished large species, which in turn will reduce to some extent the resultant excess biomass of prey species that we observe today (Christensen et al., 2014; Kolding et al., 2015) . In the longer term, the framework would facilitate monitoring of the fishery sector trajectory as movement takes place towards a configuration expected from balanced harvesting. Figure 2 gives a possible conceptual representation of such trajectories. Changes in slope and intercept, measured at regular intervals, along with their confidence limits, would help detect trends and trigger corrective action, following adaptive management principles. The trajectory of most fishery systems under conventional management has been one of significant, sometimes excessive, decrease in intercept and more negative slope. Returning into the BH target zone will require both restoring intercept and slope (rebuilding both abundance and representation of larger individuals in the ecosystem). It is likely that, in reality, trajectories will appear much noisier than shown in the figure because of natural variations, systemic adjustments, and measurement errors. As a consequence, efficient adjustments will likely be meaningful at a strategic level (e.g. in multi-annual plans for sectoral investments, fleet size, and protected areas) and not at a tactical level (as annual catch or effort quotas).
Scientific questions
This very simplified conceptual presentation of an EHCR used to guide management towards meeting both the LOSC and CBD requirements is not very different from present HCRs, their 
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Bridging fisheries management and biodiversity conservation norms development, and used for single stocks. The idea is to represent the aggregate effects of all fisheries on the full resource community, for medium-to long-term assessments at ecosystem level, to complement present ones. A number of technical issues emerge, however, regarding the approach: † Signal-noise ratio. Considering natural variation in availability and productivity, statistical relations in the marine ecosystem tend to be "noisy". The parameters of the EHCR, its slope and position, will often be accompanied by large confidence limits.
Determining the statistical significance of the differences observed across time and with the reference parameters may not be easy. However, similar uncertainties are present in the parameters used in single-species HCRs, and the uncertainties in the slope and intercept of size spectra may not be greater than in many single-species assessments (Andersen and Beyer, 2006) . † Versatility: How easily would such a system be to use in different environments, e.g. in tropical vs. temperate or polar environments, or in data-poor vs. data-rich systems? The modelling and monitoring required, even if new assessments may be undertaken, say, only every 5 years, may not be easy in many developing countries without external assistance (see point below on "low cost applications"). Again, however, this constraint would apply to conventional fisheries management as well, and a similar intensity of single-species assessments covering all exploited species in a system might actually tax limited technical support as much or more than a more aggregate BH approach. † Relevance of species vs. size categories: The use of a size-spectrum seems to have clear advantages, but it seems difficult (and probably dangerous) to completely abandon reference to species. How the two dimensions could be combined is not yet clear. Current research on, for example, functional redundancy (e.g. Rosenfeld, 2002; Schindler et al., 2010 ) may be relevant here, but even if key ecosystem functions are maintained in a community altered as in Figure 1a , if species that had been of relatively low productivity at size are completely lost, key biodiversity goals would not be met. Figure 1c and d uses "species" in the x-axis and might be used as an alternative or complementary framework, particularly Figure 1c in which catch is a variable (Kolding et al., 2012) . † Response time: Changes in slopes of size spectra caused by fishing have been documented on less than decadal scales (Daan et al., 2005 ; see also Kolding et al., 2015) . Considering the frequencies of natural oscillations in a given ecosystem, time-lags will occur between changes in growth and predation mortality and their consequences at the community and higher levels. As, in addition, measurement errors are inherent in the marine environment, a certain time will be needed for adequate detection of departures from a desired trajectory. Considering governance inertia, the response time-scales of management interventions may also be long (Anderson and Rice, 2010) . † Specificity of signals: In size-based and many species-based models, pulses of higher productivity may initially affect the properties of the reference parameters, much like a rapid increase in fishing pressure would, e.g. disproportionately elevating the abundance and/or biomass of small sizes and/or reducing larger sizes, producing a steeper slope. The transient movement of productivity peaks (or failures) through these assessments will be different from the transient movement of increased (or decreased) exploitation. Because of the several years eventually needed to resolve uncertainties regarding drivers, management reaction to environmental or fishery developments may be too slow to be effective. Research on auxiliary information about the ecosystem or the fishery suggest that it may be possible to speed up the process of correctly interpreting signals in the new assessment metrics (Greenstreet et al., 2011) . † Ambiguity: If the reference parameters appear violated, how should adjustment be made? For example, if the slope is too high, should fishing pressure be reduced on large individuals or increased on small ones? Or both? What are the impacts, notably in regard to cost and equity concerns? Recent research on harvesting strategies for forage species (Smith et al., 2011) suggest that increasing exploitation rates on small fish while large fish are depleted might be risky and would require a cautious and progressive approach related to the speed at which the large fish spawning stock is rebuilt. † Boundaries: The upper and lower ends of the size and species spectra within the EHCR need to be defined in a management plan. BH has been developed and discussed as an approach centred on conventional fishery resources (including fish, shellfish, and molluscs). Mammals, seabirds, and plankton have often been included in the ecosystem models used (such as Ecopath and Atlantis) but have not been specifically discussed.
In length-based models (e.g. as used by Law et al., 2008 Law et al., , 2013 , plankton is treated as a constant input into the biomass flow rather than as a component of catch and decision-making. In practice, choices of the species and size boundaries for establishing a BH framework may be made case by case, or country by country, perhaps depending on the ecosystem considered, existing fisheries, model used, available data, and societal values. In Norway, for example, there is a pilot fishery on a Calanus copepods as well as whales and seals in the Barents Sea (ICES- WGECO, 2014) and in this context, a BH approach may have to cover a broader range of species. In many countries, the position of the boundary at the lower end of the size range may raise fewer ethical issues than at its high end where most emblematic animals are. The flexibility of choosing boundaries does, however, raise the matter of the usefulness of the framework when excluding or missing certain sizes or species (e.g. forage fish, large mammals, seabirds, and turtles). In any case, for the expected ecological management performance to be correctly evaluated, excluded species and sizes will have to be included in analyses triggering the EHCR, although the adaptive management responses are constrained by the exclusions. † Model realism: Most size-based spectra modelling have been apparently developed with fish in mind. Would the inclusion of crustaceans, molluscs, and mammals significantly modify modelling outcomes? Such an extension would seem worthwhile to better integrate fisheries management with conservation objectives and measures.
These questions, related to addressing the CBD norm in fisheries management and the possible role of BH in fisheries, and many others related to the foundations and implementation of the approach in general (including in Charles et al., 2015; Froese et al., 2015; Garcia et al., 2015b) indicate that more work is needed before the implementation of such a norm can be safely advised. Nevertheless, the CBD and LOSC norms do have to be reconciled , and BH may be useful in facilitating such a reconciliation, rather than simply replacing one set of norms with another .
Discussion and conclusions
This paper has sought to examine whether and how a shift of fisheries management towards balanced harvesting to jointly satisfy the LOSC and CBD norms could be supported with an ecosystem-based HCR. The analysis has covered a range of related scientific, technical, and operational issues, and is meant to complement assessments of policy, economic and management implications by Garcia et al. (2015a, b) , Charles et al. (2015) , Burgess et al. (2015) , and Froese et al. (2015) . Continuing debates regarding BH, covering scientific, management, policy, and conservation, may help to clarify some issues, although not necessarily leading to consensus. This paper has drawn on size spectrum theory to represent the ecosystem structure to be maintained-and explored the potential for these spectra to be used as EHCRs in a manner analogous to present HCRs. This approach appears to offer an opportunity to make some key aspects of the EAF concept about ecosystem structure and function more operational that under conventional fisheries management.
The information needed to implement such HCRs may differ little from present fisheries management, where expanded types of information are increasingly needed to implement EAF. The larger differences would be in how the information would be used at the aggregated ecosystem scale, whether size-based EHCRs do in fact preserve main ecosystem functions and do not result in extirpation of species, or if even more complex EHCRs would be needed to comply with the biodiversity requirements. Increasing information needs will be particularly difficult for developing countries which already face problems in implementing conventional fisheries management and where small-scale multispecies fisheries dominate.
There has been progress in testing BH through complex ecosystem modelling for some forms of HCRs. This work includes several publications on models like Atlantis (see in Garcia et al., 2012, includ- ing Supplementary material) and on length-based modelling (mentioned in the A possible framework section). Full management strategy evaluations (MSEs) accounting for data collection, assessment, management, and feedback loops-triggered by technical interactions, potential innovations, markets reactions, etc.would be demanding but useful to address some of the implementation issues BH raises. Simulations could be used to highlight useful subareas of the bigger solution space modern fisheries face and to define practical rules that could be tested, through modelling, in an MSE environment.
The modelling of balanced harvesting to date, from length-based to complex ecosystems models, and the evidence offered by some small-scale fisheries in Africa provide indications of a window of opportunity to jointly implement the CBD and LOSC requirements, if concerns noted earlier in the paper can be overcome. The approach discussed in this paper may appeal to both harvesters and fisheries managers in better mainstreaming biodiversity conservation as part of fisheries management, rather than having it imposed by sources and agencies they consider "outsiders" to fisheries .
Overall, the scientific community has yet to reach a consensus on the foundations of BH (cf. Burgess et al., 2015; Froese et al., 2015) and the implementation challenges involved in BH are not yet fully resolved. Nevertheless, at the global scale, policy-makers in both fisheries management and biodiversity conservation will face similar challenges with any harvesting strategy that seeks to reconcile the norms of the LOSC and CBD, as their commitments to the respective norms continue to strengthen. The degree to which this double dividend can be achieved through the current separation of governance of fisheries and marine biodiversity, despite a common overarching LOSC framework and the Ecosystem Approach, is questionable . Therefore, there is value in further exploring whether BH, or a variation on it, might produce exploitation patterns that come closer to meeting the two norms than do existing fishery harvesting strategies.
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